During PEM-West B, modified Sierra-type, cascade impactors (CIs) were used to collect size-separated aerosol particles for a series of aerosol-radiation studies at the Hong Kong station. The CI samples also were used to investigate the massparticle size distributions of trace elements. The sampler used was a high-volume slotted impactor with the following 50% cutoff diameters (expressed in /•m, aerodynamic equivalent diameters): stage 1 = 18, stage 2 = 9.1, stage 3 = 4.6, stage 4 = 2.3, stage 5 = 1.2, stage 6 = 0.58, and backup filter <0.58. For the CI sampling, slotted Whatman 41 filters were used as the impaction surfaces, and Whatman 41's were also used for the backup filters. Particles in the CIs can be lost to the walls of the impactors, especially on the upper stages, which sample large particles. Particle bounce also can cause shifts in the size distributions [e.g., Walsh et al., 1978] , but this is normally not a problem in marine environments, where the relative humidity is high. Mass median diameters were calculated by interpolating between the two stages whose concentrations straddled 50% of the cumulative mass.
The procedures for the trace element analyses of the bulk aerosol samples have been described elsewhere [Arimoto et al., 1996] . Briefly, the samples are analyzed by instrumental neutron activation analysis (INAA) using the 2 MW nuclear reactor (flux 8 x 10 TM neutrons cm -2 s -•) operated by the Rhode Island Nuclear Science Center. Two protocols are used routinely: (1) a "short" (-1 min) irradiation for A1, Na, and V, and (2) a "long" (7 hour) irradiation for Sb, Se, and Zn. After allowing for the decay of radioactive products, the samples are counted using Ge(Li) detectors with multichannel analyzers interfaced to a VAX workstation. The gamma ray spectra are analyzed using a combination of commercial and proprietary . The filter aliquots are extracted with 20 mL of deionized water (resistivity >_18 MI2 cm -•) in three steps using volumes of 10, 5, and 5 mL. Sodium is determined by atomic absorption spectrometry. Uncertainties in the concentrations of NO•-and SO• are of the order of 5 %, while the uncertainty for Na is --•2%. Non-sea-salt sulfate (nss SO•), i.e., the concentration of sulfate above what is expected from atmospheric sea salt, was calculated as the total SO• minus the Na + concentration times 0.2516, which is the seawater reference ratio for sulfate to sodium according to Millero and Sohn [1992] .
Onboard the DC-8 aircraft, a suite of aerosol samples was collected using tandem shrouded inlets equipped with curved leading-edge nozzles. The aerosol inlets were fabricated from stainless steel, while the nozzles and shrouds were made of alodined aluminum (alodining hardens the surface of the aluminum). Sample flow rates and integrated volumes were measured using linear mass-flow meters. Isokinetic sampling was maintained by varying the sample flow rate. A pitot tube mounted near the nozzle entrance was used to monitor the air velocity through the shroud assembly. A description of the aerosol probes and associated analytical procedures are given elsewhere [Dibb et al., 1996] .
Only Hong Kong, the MMDs for A1 were large, approaching 10/am aerodynamic equivalent diameter (Table 1) . This was despite the fact that Asian dust storms rarely if ever occur that far south [Watts, 1969] and no dust storms were reported as part of the routine meteorological observations at Hong Kong during
For comparison, studies by Zhang et al. [1994] showed that the MMDs for dust storms in Shapoutou and Xi'an, which are in the Chinese loess plateau, were 5-10 tzm, or of the same order as those in Hong Kong. As Hong Kong is much farther from the dust source regions than Shapoutou or Xi'an, the average Al concentrations there are roughly a factor of 10 lower. Therefore it is more likely that the large Al-containing particles at Hong Kong were fly ash or locally generated mineral matter as opposed to dust transported long distances. This is further evidence that the A1 in the atmosphere over Asia originates from both natural and anthropogenic sources whose relative strengths vary with location.
Anthropogenic emissions affected a variety of other elements, and in contrast to mineral dust some of the highest concentrations of the pollution-derived elements, such as Sb, occurred in aircraft samples taken near the Earth's surface (Figure 4) . However, the data set was too small to be generally representative of vertical distributions, and in some cases high concentrations of Sb and other pollution-derived elements occurred at altitudes of several kilometers. Furthermore, the aircraft samples with high concentrations of mineral dust did not necessarily contain high concentrations of the pollutionderived elements. This heterogeneity in aerosol composition observed from the aircraft is consistent with the longer-term studies made at the PEM-West ground stations, which show some similarities, but also important differences, in the seasonal cycles of various aerosol species.
In many of the aircraft samples, the arsenic concentrations were below detection (0.05 ng m-3), but the arithmetic mean Emissions from oil combustion [Olmez and Gordon, 1985 ] are the most likely explanation for the high La/Sm ratio observed on Flight 12, but vanadium, which is another tracer for oil combustion, did not exhibit a particularly high concentration in that sample. More interesting was our observation that a remarkably large suite of substances, including carbon monoxide, ozone, sulfur dioxide, various trace organics, and aerosol numbers, also exhibited extraordinarily high mixing ratios or concentrations at precisely the same time as the high La/Sm ratio was observed on the DC-8. As discussed below, the air samples collected during that part of Flight 12 contained the highest pollutant concentrations observed during the PEMWest B campaign.
Sulfate. The aerosol sulfate concentrations sampled from the aircraft during PEM-West B evidently composed two lognormal populations (Figure 6 ). It is tempting to speculate that these two modes are related to the two putative sources for aerosol SOj, i.e., marine biogenic emissions through the oxidation of dimethyl sulfide versus combustion or volcanic sources through the oxidation of sulfur dioxide, and there is some evidence that this is the case. Given the quantity of SO2 produced from the combustion of fossil fuels [ Differences between the SOj/MSA ratios for the two subsets of the aerosol samples from the DC-8 are consistent with the hypothesis that the population with the lower SOj concentrations was associated with biogenic sources, while the higher concentration mode was nonbiogenic in origin. For many of the samples, the MSA concentrations were below detection limits, but the SOj/MSA ratios that could be calculated ranged from 9.3 to 500. All but four of the 21 SOj/MSA ratios were a factor of 2 or more above the canonical biogenic ratio (i.e., >40), and this is consistent with the hypothesis that anthropogenic or other nonbiogenic sources dominate. This nonbiogenic SOj most likely originates from anthropogenic emissions, but contributions from volcanoes also are possible, and they cannot be discounted from the data available. The four samples with the SOj/MSA ratios closest to the biogenic value were all in the lower SO] mode.
Despite the apparent impact of anthropogenic emissions, the highest SOj concentrations determined for the aircraft samples were less than or equal to the average concentrations observed at the more polluted ground stations. [1997]. Similarly, on the DC-8 the highest concentrations of pollution-derived elements, such as Sb and aerosol sulfate, were substantially lower than the peak concentrations observed at the ground stations. This means that the plumes of continental outflow sampled from the aircraft were substantially diluted with respect to the trace element and sulfate concentrations observed at the ground stations. Comparisons between the CO and 03 data from the DC-8 and ground stations provided further evidence that the aircraft never encountered an extended period when high concentrations of continental emissions were sampled. A second feature of the aircraft data revealed by this comparison was that air masses with concentrations of CO and 03 comparable to those typical of clean marine conditions were sampled during some of the DC-8's boundary layer legs. Further, data for these two gases alone can provide considerable insight into the types of air masses being sampled.
The combination of ground station and aircraft data also provides some insight into the nature of the transport processes. Higher concentrations of aerosol species, 03, and CO at the Hong Kong ground site relative to the aircraft suggest that much of the outflow from southeastern Asia during the experiment occurred in the lower troposphere. As aerosol and ozone lifetimes in the marine boundary layer are relatively short owing to the removal of aerosols and the destruction or surface deposition of ozone, we would not expect to see extensive long-range transport out of this part of Asia. Our conclusion is supported by advanced very high resolution radiometer (AVHRR) satellite images showing little aerosol transport from southeastern Asia at any time of year [Lacis and Mishchenko, 1995] . This situation contrasts with previous studies of dust and pollution transport out of Asia in the midlatitudes, where low precipitation rates and strong winds are favorable for long-range transport in the middle troposphere [Merrill et al., 1985; Merrill, 1989] . These conclusions regarding continental outflow have important implications for the fluxes of industrial emissions throughout the Asia/Pacific region. In particular, the pollutants emitted in southeastern Asia are most likely to cause local-to regional-scale effects, whereas materials emitted farther to the north are more susceptible to long-range transport.
